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This study is undertaken to gain more insight into the pattern of
innervation of the hard palate of the rat and into the morphology of
the sensory structures found there. Since the main research project
of the Department of Neurobiology and Oral Physiology is dedicated
to the formulation of a model of the chewing system of the rat, the
Wistar rat is choosen as an experimental animal. A total number of
113 adult rats, and 61 tat embryos is studied histological ly and
electron microscopically.
The first chapter deals with general aspects of the anatomy of the
palate of the Íat and the theories concerning its embryological
deve lopmen t .
The specific aims of this study are given in the second chapter.
The various methods used in this research are described in chapter
th ree .
In addition, in chapter four, a modification of an in toto staining
technique for nervous t issues according to Sihler (1895, 1900) is
described. This modification is developed in order to investigate the
gross innervation of the palate. On the basis of this modif ied
technique preparations are obtained with a deep field of observation
so that the relationship between peripheral nerves and surrounding
structures is readily seen. In this way it is shown that:
1. The antemolar aÍea of the hard palate is innervated by a fine
diffuse network.
2. In the intermolar region of the hard palate most of the terminal
branches end within papillae which are on top of the intermolar
rugae. The lateral part of the intermolar region is more densly
innervated than the medial part.




five, the innervation of the ante- and intermolar rugae of
palate is described at the level of light and transmission
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Microreconstructions of the pattern of innervation of an antemolar
and an intermolar ruga show that:
1. The antemolar ruga is innervated by a symmetrical f ine diffuse
network which is composed of a nervous plexus (sprouting from
the nervus palat inus anter ior )  and nerve bundles which run
caudally and rostral ly through the connective t issue core of the
ruga towards the epithelium.
2. The pattern of innervation of an intermolar ruga is asymmetrical.
This type of ruga is innervated by a nerve bundle that runs, at
the rostral side of the ruga, from the base of i ts connective t issue
core towards its t ip.
Three types of nerve f ibres are found in the intermolar rugal
papil lae. The frequency of occurence of these three types of f ibres
appears to be different in the various parts of the papil lae.
In  the  basa l  reg ion  o f  a  pap i l l a  f i b re  bund les  composed  o f
myelinated and unmyelinated nerve f ibres are found. These bundles
spl i t  up in  the in termediate reg ion in to so l i tary  myel inated and
unmyel inated f ibres.  In  the top region of  the papi l la ,  on ly
unmyelinated f ibres are found. These f ibres take the form of either
lanceolate or free nerve endings which are in contact with the basal
lamina of  the epi the l ium; occasional ly  both types of  endings aÍe
found in t ra-epi the l ia l ly .
The distr ibution of the three types of f ibres in the various part of
the papil lae suggests that:
l .  lanceolate endings originate from the myelinated f ibres in the in-
termediate region, which in their turn are continuations of the
myelinated f ibres of the basal region;
2. free nerve endings aÍe related to the unmyelinated f ibres in the
basal and intermediate region.
In chapter six, the morphological characterist ics of Merkel cel l-neu-
rite complexes are described. These complexes, catagorized as type I
s lowly-adapt ing mechanoreceptors by Iggo and Muir  (1969)  and
Pubols  and Munger  (197l ) ,  a Íe found in  the basal  layer  of  the
epithelium of the rugae of the entire hard palate. The Merkel cel l  is
in  c lose contact  wi th  a nerve terminal  which conta ins numerous
mi tochondr ia  and  c lea r -co red  ves i c les .  Asymmet r i c  membrane
densit ies are observed between a Merkel cel l  and its neurite or
ad jacen t  ke ra t i nocy tes .  The  cy top lasm o f  a  Merke l  ce l l  i s
character ized by an accumulat ion of  membrane bound dense
granules at the neurite side of the cell ,  and by a well developed Golgi
apparatus at i ts keratinocyte side.
124
ln  chapter  seve
s truc ture s of t l
end ings  (wh i c
mechanoreceptors
receptoÍs for PÍ









of the free nerr
membranes of t
found.  The in t t
mitochondria, clr
observat ion of  I
course through
spaces aPParentl
in  th is  s tudY.  I
exc lus i ve l y  l oc i
being alwaYs int
In chapter eight
of  taste bud- l ik
The material st
days after birth
pm) to  ovoid (
among the ePitht
subepithelial ner
types of cel ls a
the corPuscle: 1 )
ce l ls  and 4) .  T
microv i l l i  whic
Numerous nerv(
three types of r
aÍe found repr
morphologica l  I
receptors of tas
At birth, a total
of which 30Vo
palate. During
In chapter seven, the ultrastructure of the intra-epithelial nervous
st ructures of  the palata l  rugae is  descr ibed.  Lanceolate nerve
end ings  (wh i ch  a re  e i t he r  r ap id l y  o r  s l ow l y  adap t i ng
mechanoreceptors) and free nerve endings (which are thought to be
receptors for pain, heat and force) aÍe found between the basal
lamina of the epithelium and the base of the epithelial cel ls, oÍ,
suprabasally, in the intercellular spaces of the epithelium.
In lanceolate endings,  asymmetr ic  membrane densi t ies aÍe seen
between the neurite and its Schwann cell .  In these structures the
Schwann cell  shows signs of pinocytotic activity at al l  sides of i ts
plasma membrane. The basal lamina of the Schwann cell covering of
the nerve endings appeares to be continuous with the basal lamina
of the epithelium.
Cytoplasmic processes of epithel ial cel ls invaginate the Schwann cells
of the free nerve endings. Junction between, or fusion of the cell
membranes of the epithelial cel ls and the Schwann cells are never
found. The intraepithelial neurites are characterized by numerous
mitochondria, clear-cored vesicles and an axoplasmic reticulum. The
observation of Cauna ( 1959) and Munger ( I  965) that nerve f ibres
course through the epidermis independent ly  of  the in terce l lu lar
spaces apparently penetrating the epidermal cel ls, is not confirmed
in this study. In contrast, the intra-epithelial sensory structures are
exc lus ive ly  located wi th in  the in terce l lu lar  spaces,  the i r  neur i tes
being always invested by Schwann cells.
In chapter eight, the morphology and the frequency of distr ibution
of taste bud-l ike corpuscular receptors in the palate is described.
The material studied extends from the day of birth through 180
days after birth. The corpuscles appear as round (diameter 35-50
pm) to  ovoid (width 40-60 pm, height  60-90 pm) bodies nest l ing
among the epithelial cells of the incisal papilla and the soft palate. A
subepithelial nerve plexus surrounds the base of a corpuscle. Four
types of cells are identified at the electronmicroscopical level within
the corpuscle: 1). basal cells, 2). Type I (dark) cells, 3). Type II (pale)
cells and 4). Type III  cel ls which had synapses. Some cells bear
microvi l l i  which protrude through a pore into the oral cavity.
Numerous nerve endings terminate in close relation to the latter
three types of cells. Two distinct types of membrane specializations
are found representing axo-somatic and axo-axonal contacts. On
morphological grounds, the structures described aÍe interpreted as
receptors of taste.
At birth, a total of about 20 corpuscles is counted in the entire palate
of which 30Vo is found in the incisal papil la and lOTo in the soft
palate. During the first two weeks of postnatal life the number of
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corpusc les  inc reases  to  about  80  (d is t r ibu t ion :  60Vo in  the  inc isa l
papilla and 4OVo in the soft palate). Thereafter, a significant decrease
in corpuscle number occurs with increasing age. We speculate that
this shi f t  in distr ibut ion of corpuscles is associated with a learnins
process of food select ion.
In chapter nine the central  project ions of the afferent f ibres of the
ent i re  pa la te  and the  source  o f  innerva t ion  o f  the  corpuscu la r
receptors in the palate is descr ibed. The central  project ions were
made visible by transgangl ionic transport  of  horseradish peroxidase
conjugated to wheat germ agglut inin (WGA-HRP) and by Substance P
(SP)  immuno-h is tochemis t ry .  WGA-HRP in jec ted  in to  the  inc isa l
pap i l la  i s  taken up  by  the  nerve  f ib res  tha t  te rmina te  in  the
c o r p u s c l e s .  R e t r o g r a d e l y  l a b e l e d  n e u r o n s  a r e  o b s e r v e d  i n  t h e
tr igeminal gangl ion; anterogradely labeled terminals aÍe found in the
dorsolateral  part  of  the spinal t r igeminal nucleus and in the lateral
part  of  the nucleus of the sol i tary tract.  No label ing is found in the
geniculate gangl ion, the facial  nerve and the hypoglossal nucleus.
A WGA-HRP inject ion into the intermolar area or in the soft  palate,
causes only label ing of the tr igeminal gangl ion cel ls.
The lamina propia of the ent ire palate, and the corpuscles enriched
aÍea  o f  the  inc isa l  pap i l la  and o f  the  so f t  pa la te ,  a Íe  r i ch ly
innerva ted  by  SP-conta in ing  f ib res .  Numerous  SP-conta in ing  f ib res
are also observed in the nerve plexus at the base of the corpuscles.
In  add i t ion ,  SP-pos i t i ve  neurons  are  ident i f ied  in  the  t r igemina l
gang l ion ,  whereas  SP- labe led  te rmina ls  a re  found in  the  sensory
tr igeminal nuclear complex and in the sol i tary tract nucleus. On the
bas is  o f  these morpho log ica l  observa t ions ,  i t  i s  conc luded tha t  the
palatal  corpuscular receptors are involved in taste percept ion which
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